10 
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a distance along the optical axis between those two opticdJ 
elements, an annular ratio of the secondary light source 
formed on the exit plane of the fly-eye lens can be changed. 

Further, in the embodiment shown in FIG. 11, design may 
be made such that the inner diameter and outer diameter of 
the aperture stop 6 are variable, and this aperture stop 6 may 
be disposed at any location which is conjugate with the 
position at which the secondary light source is formed. For 
example, it is also conceivable to dispose a stop of which the 
diameter of the opening portion is variable on the exit 
surface side of the fly-eye lens 5, dispose a stop of which the 
diameter of the light intercepting portion is variable at a 
location conjugate with the exit surface of the fly-eye lens, 
and vary the annular ratio and a value of the annular 
secondary light source. 

In the above described embodiments, the aperture stop 
may be formed by a transparent type liquid crystal display 
device, an electrochromic device or the like. 

What is claimed is: . 

1. A projection exposure apparatus including: 
illuminating optical means for illuminating a projection 
negative; and 

projection optical means for projection-exposing said 
projection negative illuminated by said illuminating 

^ optical means onto a substrate; 

said illuminating optical means including light source 
means for supplying exposure light, aimular light 
source forming means for forming an annular second- 
ary light source, which has a plurality of light source 

3Q images, by the light from said light source means, and 
condenser means for condensing light from said annu- 
lar light source forming means on said projection 
negative; 

said apparatus satisfying the following condition: 



35 



45 



where d^ is the inner diameter of said annular secondary 
light source, and d2 is the outer diameter of said annular 
40 secondary light source; 

said apparatus also satisfying the following condition: 

0.45SAMyWA,S0.8. 



where NAj is the numerical aperture of said projecdon 
optical means, and NAj is the numerical aperture of said 
illuminating optical means determined by the outer diameter 
of said annular secondary light source. 

2. A projecdon exposure apparatus according to claim 1, 
wherein said annular light source forming means includes: 
an optical integrator, and 

stop means disposed in the optical path of light emerging 
from said optical integrator and having an aimular 
opening portion. 
55 3. A projection exposure apparatus according to claim 2, 
wherein said optical integrator is comprised of a plurality of 
lens elements. 

4. A projecdon exposure apparatus according to claim 2, 
wherein said optical integrator includes a bar-like optical 

60 elemenL 

5. A projection exposure apparatus according to claim 2, 
wherein said stop means has a plurality of opening portions 
difft^ng in the ratio of the irmer diameter of said annular 
opening portion to the outer diameter of said aimular open- 

65 ing portion from one another, and one of said plurality of 
opening portions of said stop means is disposed in sai(^ 
optical path. 
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6. A projection exposure apparatus according to claim 5, 
wherein said stop means includes a circular opening portion; 

7. A projection exposure apparatus according to claim 5, 
further including: 

driving means for disposing one of said plurality of 5 

opening portions in said optical path; 
input means for inputting information regarding various 

conditions during exposure; and 
control means for controlling said driving means on the 

basis of the input information from said input means. 10 

8. A projection exposure apparatus according to claim 7, 
wherein said input means includes detecting me^ for 
detecting a mark on said projection negative on which the 
information regarding the various conditions during expo- 
sure is recorded. _ ^ 15 

9. A projection exposure apparatus according to claim 1, 
wherein said projection optical means includes aii apertur^ 
stop of which the diameter of the opening is variable, and 
said projection exposure apparatus further includes: 

driving means for varying said diameter of the opening of 20 

said aperture stop; 
input means for inputting information regarding various 

conditions during exposure; and 
control means for controlling said driving means on the 

basis of the input information from said input means. 25 

10. A projection exposure apparatus according to claim 1. 
wherein said annular light source forming means includes 
light guide means for transmitting said exposure lighu 

11. A projection exposure apparatus according to claim 
10, wherein said light guide means is constructed such that 39 
the enu^ce side cross-sectional shape of said light guide 
means is circular and the exit side cross-sectional shape of 
said light guide means is annular. 

12. A projection exposure apparatus including: ^ 
illumination optical means for illuminating a projection 35 

negative; and 

projection optical means for projection-exposing said 
projection negative illuminated by said illumination 
optical means onto a substrate; 

said illumination optical means including light source 40 
means for supplying exposure light, means for forming 
a secondary light source, which has a plurality of light 
source images, by the light from said light source 
means, means including annular ratio changing means 
for converting said secondary light source into an 
aimular secondary light source and changing a ratio 
between an inner diameter and outer diameter of said 
aimular secondary light source, and condenser means 
for condensing light from said annular secondary light 
soiu'ce onto said projection negative, 

said apparatus satis^ing the following condition: 

where d, is the inner diameter of said aimtdar secondary 
light source, and dj is the outer diameter of said anniilar 55 
secondary light source, and said apparatus satisfying 
the following condition: 



50 



0.45S«4i/W>l|S0.8 

60 

where NA, is the numerical aperture of said projection 
optical means, and NA2 is the numerical aperture of 
said illumination optical means determined by the outer 
diameter of said annular secondary light source. 
13. A projection exposure apparatus according to claim 65 
12, wherein said means for -forming said secondary light 
source has an optical integrator. 



10 



15 



20 



30 



10 

14. A projection exposure apparatus according to claim 

13, wherein said annular ratio changing means includes stop 
means disposed in an optical path of light flux emergent 
from said optical integrator and having an annular opening 
portion. 

15. A projection exposure apparatus according to claim 

14, wherein said stop means includes a plurality of opening 
portions dlflfering from one another in a ratio of inner 
diameter of said annular opening portion to outer diameter 
of said annular opening portion, and one of said plurality of 
opening portions of said stop means is disposed in the 
optical path of said illumination optical mezins. 

16. A projection exposure apparatus according to claim 

15, wherein smd stop means includes a circular opening 
portion. 

17. A projection exposure apparatus according to claim 
15, further including: 

driving means for disposing one of said plurality of 

opening portions in said optical path; 
input means for inputting information regarding various 

conditions during exposure; and 
control means for controlling said driving means on the 
basis of the input information from said input means. 
25 18. A projection exposure apparatus according to claim 
12, further including: 

input means for inputting information regarding various 

conditions during exposure; and 
control means for controlling said armular ratio changing 
means on the basis of the input information from said 
input means. 

19. A projection exposure apparatus according to claim 
18, wherein said armular ratio changing means includes a 
plurality of opening portions of which a ratio between an 
inner diameter and an outer diameter is different from one 
another, and one of said plurality of opening portions is 
disposed in an optical path of said illumination optical 
means. 

20. A projection exposure apparatus according to claim 
18, wherein said annular ratio changing means is disposed in 
an optical path of said illumination optical means and 
includes a movable stop for changing the ratio between the 
iimer diameter and outer diameter. 

21- A projection exposure apparatus comprising: an illu- 
minating optical system; and 
a projection optical system; 

said illumination optical system including a light source, 
an optical integrator and a condenser optical system; 
so light from said light source passing through said optical 
integrator, said condenser optical system, a projection 
negative and said projection optical system, and onto a 
substrate; 

said optical integrator forming a plurality of annular light 
55 ^ source images; and 

the following conditions being satisfied: 

60 0.45SAM2WA,£0,8 

where d, is an iimer diameter of said plurality of annular 
light source images, dj is an outer diameter of said 
plurality of annular light source images, NAj is the 
65 numerical aperture of said projection optical system at 
a side of said projection negative and NAj is the 
numerical aperture of said condenser optical system at 



40 



45 
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an exit side determined by the outer diameter of said 

plurality of annular light source images. 

22. A projccUon exposure apparatus including: 

an illumination optical system; and 

a projection optical system; ^ 
said illumination optical system including a light source, 

an optical integrator, an annular stop and a condenser 

optical system; 

light from said light source passing through said optical iq 
integrator, said condenser optical system, a projection 
negative and said projection optical system and onto a 
substrate; 

said annular stop being provided at a position where a 
plurality of images are formed by said illumination 15 
optical system; 

said apparatus satisfying the following conditions: 

20 

0.45^ AM^A, £0.8 

where d, is an inner diameter of an opening of said 
annular stop, 6^ is an outer diameter of the opening of 
said annular stop, NAj is the numerical aperture of said 
projection optical system at a side of said projection 25 
negative and NAj is the numerical aperture of said 
condenser optical system at an exit side determined by 
the outer diameter of the opening of said annular stop. 

23- A projection exposure apparatus comprising: 

an illuminating optical system; and 30 

a projection optical system; 

said illuminating optical system including a light source, 
an optical integrator, an annular stop and a condenser 
optical system; 

35 

light from said light source passing through said optical 
integrator, said condenser optical system, a projection 
negative and said projection joptical system and onto a 
substrate; 

said illuminating pptical system forming a plurality of 40 
annular light source images satisfying the following 
condition: 



where di is an iimer diameter of said plurality of aimular 
light source images and is an outer diameter of said 
plurality of annular light source images; and 

said projection exposure apparatus satisfying the follow- 
ing condition: 

0.45SAM2W/,^0.8. 



where NA, is the numerical aperture of said projection 
optical system at a side of said projection negative, and 55 
NA2 is the numerical aperture of said condenser optical 
system at an exit side determined by an outer diameter 
of an opening of said annular stop. 

24. A projection exposure s^paratus comprising: 

an illuminating optical system; and 60 

a projection optical system; 
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said illuminating optical system including a light source, 
an optical integrator and a condenser optical system; 

light from said light source passing through said optical 
integrator, said condenser optical system, a projection 
5 negative and said projection optical system and onto a 

substrate; 

said illuminating optical system forming a plurality of 
annular light source images satisfying the following 
condition: 

10 

where d, is an inner diameter of said plurality of annular 
light source images, ds is an outer diameter of said 
J J plurality of annular light source images; 

the ratio between the inner diameter and the outer diam- 
eter of said annular light source images being variable 
within the range of said condition; 
said projection exposure apparatus satisfying the follow- 
20 tng condition: 

0.45gAMy?VA,^0.8. 



25 



30 



where NAi is the numerical aperture of said projection 
optical system at a side of said projection negative, and 
NA2 is the numerical aperture of said condenser optical 
system at an exit side detennined by the outer diameter 
of said plurality of armular light source images. ^ 
25. A projection exposure apparatus comprising: 
an illuminating optical system; and 
a projection optical system; 
said illuminating optical system including a light source, 
an optical integrator, a first armular stop, a second 
annular stop and a condenser optical system; 
35 light from said light source passing through said optical 
integrator, said condenser optical system, a projection 
negative and said projection optical system and onto a 
substrate; 

said first and second armular stops satisfying the follow- 
40 ing condition: 

where di is an inner diameter of an opening of said 
annular stops and d2 is an outer diameter of an opening 
45 of said armular stops; 

said first and second armular stops being seleaively 
disposed in a position where a plurality of light source 
images are formed by said illuminating optical system; 
and 

said projection exposiu*e apparatus satisfying the follow- 
ing condition: 



0.45£AMaWA,£0.8. 



where NAi is the numerical aperture of said projection 
optical system at a side of said projection negative, and 
N A2 is the numerical aperture of said condenser optical 
system at an exit side determined by the outer diameter 
of said plurality of annular light source images. 



If: 4: * « 4^ 



1 26 > A projection exposure apparatus comprising; 

2 an illtiminatAon optical system including an optical 

3 integrator that fomns a substantially annular secondary 

4 light source; and 

5 a projection optical system, 

6 said illuminatioyi optical system satisfying the 

7 following condition; 

8 1/3 < d,/d:, ^ 2/3 

9 wherein d^ is an ifiner diamet^er of the secondary light 

10 source and d2 is an out\er diameter of th e secondary light 

11 source . 



2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

12 

13 

14 



27. A projection exposure apparatus comprising; 

an illumination optical system including an optical 
integrator through which a \ light beam irradiated on a mask 
passes; and 

a projection optical sit-stem; 

said illumination optical system providing an intensity 
distribution of the light beW with an annular increased 



intensity portion relative tc 



the inside thereof, and 



said illumination optical system satisfying the 



foil owi ng c ondi t i on : 

0.45 < NA2/NA1 < 0.8 



wherein NAj^ is the numeri 



;al aperture of said 



projection optical system^ and^NA^ is the numerical aperture 
of light from the increased intensity portion. 
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1 28. A proTOCtion exposure apparatus comprising; 

2 an illiiminaoion optical system including an optical 

3 integrator througm which a light beam irradiated on a mask 

4 passes; and \ 

5 a projection oxytical system; 

6 said illumination optical system providing an intensity 

7 distribution of the lAght beam with an annular increased 

8 intensity portion relaaive to the inside thereof and 

9 chsmging the intensity distribution in accordance with a 

10 pattern formed on the mask so as to maintain a shape of the 

11 annular increased intensity portion. 

1 29. A projection exposure apparatus comprising; 

2 an illumination opticaA system disposed between a light 

3 source and a mask; \ 

4 a projection optical system disposed between the mask 

5 and a substrate; and \ 

6 an optical device, disposed within the illumination 

7 o ptical system^ that forms a plurality of secondary light 

8 sources including a substantially annular secondary light 

9 source and a substantially circular secondary light source 

10 with light from the light source \to illuminate the mask with 

11 light from one of the plurality on secondary light sources, 

12 the optical device changing an intensity distribution of the 

13 annular secondary light source so as not to change the shape 

14 thereof and changing an intensity dAstribution of the 



14 



15 circular aecondarv light source so as not to change the 

16 shape thereof. 
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1 \ 30. A combination of an illximinator and a 

2 photolithographic projection imager, the combination 

3 compr i sang ; 

4 a, \ an illuminator optical system for directing 

5 illiimina^on from a source to a pupil of the illijminator 

6 from whicl\a reticle is illuminated to be imaged on a wafer 

7 by an obnecfeive imaging system; 

8 b. the\illuminator in a collimated region of 

\ 

9 illumination upstream of the illuminator pupil having a pair 

10 of refractive elements having conical surfaces that are 

\ 

11 respectively concave and convex; 

\ 

12 c. said elements being arranged so that an upstream 

\ 

13 one of said elements diverges the illumination into a single 

\ 

14 beam having an annular /configuration of intensity and a 

15 downstream one of saa!^/elements counters the divergence 

16 caused by the upstream^element to give the illumination an 

\ 

17 annular intensity profile of the single beam at the pupil of 

18 the illuminator; and 

19 d. a uniformizer arr^anged between said elements and 

\ 

20 the pupil of the illuminator ♦ 



1 31 > The combination of \claim 30, wherein the distance 

\ 

2 between said elements is vari^le to vary the radius of said 

3 annular intensity profile. 



1 32, The combination of CladJii 31, wherein said distance 

2 between said elements can be reduced enough to counter said 
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3 ^Kyergence approximately at its source to keep said 

4 iiitensitv configuration from becoming annular. 



1 \33. The combination of Claim 30, wherein said upstream 

2 element has said concave conical surface and said downstream 

3 elementX has said convex conical surface ■ 

\ ~ 

1 34 > \The combination of Claim 30, wherein a mask is 

2 positionab^ at said pupil within said annular intensity 

3 profile > 




1 35. The combination of Claim 30, wherein said concave 

— ^ — 

2 and convex conical surfaces have the same conic angle. 



y ^ 1 36. The combin>6r€ion of Claim 30, wherein said elements 



2 are separated b\^j^S^ir gap. 




1 37. The combinamon of Claim 30, wherein said conical 

\ 

2 surfaces are arranged to confront each other. 

1 38. The combinati<^\iOf Claim 37, wherein the distance 

\ 

2 between said elements is variable to vary the radius of said 

3 annular intensity profile to^ accommodate characteristics of 

4 the reticle. 




1 39. The combination of Claim 38, wherein said conical 

\ — 

2 surfaces can be moved into proximity for countering said 

17 



3 olverqence to keep said intensity configuration from 

1 \0. The combination of Claim 39, wherein a mask of 

2 variabj&e size is positionable downstream of said conical 

3 surf aceX^wi thin said annular intensity profile > 

1 41, The combination of Claim 30, wherein said 

2 refractive elements are faceted > 

1 42. In illuminator for a photolithographic 

2 projection imager, the improvement comprising; 

3 a. a first refractive element arranged in a collimated 

4 region of an illumination path of said illuminator upstream 

5 of a pupil of said ^llfiiftinator so that a conical surface of 

6 s aid first ref racti\»4»^ement diverges the illumination into 

^ X A . . 

7 a single beam having an annular configuration of intensity; 

\ 

8 b. a second refracvtive element arranged to receive 

9 diverged illtimination from said first refractive element and 

10 said second refractive element having a conical surface 

11 arranged for countering theVillumination divergence caused 

12 by said first refractive element to fix the radius of the 

13 divergence of the single beam\of said illumination; 

W ■ 

14 c> the radius of divergence of the illumination output 

15 from the second refractive element appearing as an annular 

16 intensity profile of illuminatioA at the pupil region of the 

17 illuminator causing illximination wgth an annular intensity 

77^ 



18 x^ofile to illuminate a reticle that is imaged onto a wafer 

19 bvXan objective imaging system of the photolithographic 

\ 

20 pro-yection imager; and 

\ 

21 a. a uniformizer arranged between said first and 

22 secondXref ractive elements and the pupil of the illuminator. 

\ 

1 43. The improvement of Claim 42, wherein said conical 

\ 

2 surface of said first refractive element is concave, and 

3 said conical^surf ace of said second refractive element is 

4 convex . \ 



1 44. The improvement of Claim 42, wherein said first 

\ 

2 and second ref racti^^^lements are separated bv an air gap. 

1 45. The improvement of Claim 42, wherein a distance 

2 between said refractive, elements is variable for varying 

\ 

3 said radius of illuminatUon divergence to accommodate 

\ 

4 characteristics of the reticle. 

. - - \ 

\ 

2 said varieJale distance between said refractive elements 

\ 

3 results in said second element countering the illumination 

\ ■ 

4 divergence so that the conf igur^ation of illumination 

5 intensity does not become annul\r. 
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1 The improvement of Claim 45, including a variable 

2 size mask arranged for blocking illumination within said 

3 aimularXconf iguration of intensity. 

1 48.^The improvement of Claim 42, wherein said conic 

2 surfaces oXsaid first and second refractive elements hav e 

\ 

3 the same conic angle. 

1 49. The^^mprovement of Claim 42, wherein said conic 

2 surface of said\first and second refractive elements 

3 confront each other. 

\ 

1 50. The improveig^nt of Claim 49, wherein a distance 

2 between said refraoJb^p element is variable for varying said 

3 radius of illumin^ion\ divergence to accommodate 

4 characteristics of the^reticle. 

\ 

1 51. The improvement^ of Claim 50, wherein said 

2 illumination divergence isl substantially eliminated by 

3 moving said conic surfaces anto proximity. 

1 52. The improvement of Claim 50, wherein illiimination 

2 within said annular configuration of intensity is blocked by 

3 a mask. \ 
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1 63, The improvement of Claim 42, wherein said conic 

2 surfaces of said first and second refractive elements face 

3 away f^m each other. 



1 54 > "The improvement of Claim 42, wherein said 

\ 

2 refractive elements are faceted . 



1 55 > An dNlluminator combined with a photolithographic 

2 projection imager, the combination comprising: 

3 a> the illuminator having an optical system for 

\ 

4 directing illumination along an optical axis of the 



5 illuminator upstream of a pupil of the illiiminator so that 

\ 

6 an intensity profile^of the illumination as the illuminator 

\ 

7 pupil is directed to a reticle that is imaged on a wafer by 



8 an objective imaging sypizJem of the photolithographic 




9 proj ection imager; 

10 b> a diverging element arranged in a collimated region 

\ 

11 of the illumination path of said illuminator upstream of the 

\ 

12 illuminator pupil for diverging said illumination into a 

\ 

13 single beam having an annulaf^r configuration of intensity; 

14 c. a counter diverging\element arranged in said 

15 illumination path at a variable distance from said diverging 

\ 

16 element for receiving said diverging illumination; 

17 d. said counter diverging^ element being arranged for 

\ 

18 countering the divergence of said illumination and fixing 

\ 

19 the radius of said annular configuration of intensity of the 



21 



20 finale beam as a function of the distance between said 

21 e3^sments; 

22 the annular configuration of illumination intensity 

23 output from the counter diverging element appearing as an 

24 annulary intensity profile of the single beam of the 

25 illiamination at the illuminator pupil and at the reticle so 

26 that the \adius of the annular intensity profile 

27 accommodates characteristics of the reticle; and 

28 f . a uniformizer arranged between said elements and 

29 the pupil of \he illuminator. 



1 56. The combination of Claim 55, wherein said elements 

2 are refractive aiik have faceted surfaces. 



1 57 . The c ombiiia teC6n of Claim 55, wherein said elements 



2 are concentrically^^ygf ractive . 




1 58. The combination of Claim 55, wherein said elements 

\ 

2 are reflective and have conical surfaces . 



1 59. The combination of Claim 55, wherein said elements 

\ 

2 are refractive and have conical surfaces. 



1 60. The combination of Claim 59, wherein said conical 



2 surfaces are concave on one of Tsaid elements and convex on 



3 another of said elements . 
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1 ai. The combination of Claim 60^ wherein said concave 

2 and convex conical surfaces confront each other. 

1 62 A The combination of Claim 61, wherein said counter 

2 diverging^ element can be positioned for countering said 

3 diverging Ullumination so that the illumination intensity 

4 profile do&e not become annular. 



1 63 > The\ combination of Claim 60, wherein said concave 

\ 

2 and convex conical surfaces face away from each other. 



1 
2 
3 

1 
2 
3 

1 
2 
3 
4 



64. The combination of Claim 55, wherein said 
diverging element\is refractive and has a concave conical 
surface. 




65. The coinb"!bdaEion of Claim 55, wherein said counter 
tr IS ri 



refractive and has a convex conical 



diverging elemen 
surface ♦ 



66. The combination of Claim 55, wherein said counter 




T 



diverging element can be positioned for countering said 
diverging illumination so \that said intensity configuration 
does not become annular. 



1 67. The combination of\claim 55, including a variable 

2 size mask positioned to bloclc\illumination within said 

3 annular configuration . 

23 



1 --as. An illxiitiinator for a photolithographic 

2 projection imager including a variable annular illumination 

3 intensitvX prof iler , said profiler comprising a pair of 

4 diverging and counter diverging elements arranged in the 

5 illumination path of said illuminator so that said diverging 

6 element div^ges the illumination into an annular 

7 conf iguratioi\ of intensity and said counter diverging 

' 8 element count^s the divergence caused by said diverging 

9 element to giv^ the illumination an annular intensity 

10 profile the configuration of which is a function of the 

11 distance between\the pair of elements. -- 



1 --69. An illtminator according to Claim 68, wherein 

2 the diverging eleme^^yis a refractive element having a 

3 concave conical STj^rmce and the counter diverging element is 

4 a refractive elemeiit ^having a convex conical surface. -- 



1 --70. An illuminator according to Claim 68, wherein 

2 the diverging and counter diverging elements are refractive 

3 elements that are faceted.-- 

. 

2 said diverging and counter Vdiverging elements are 

3 concentrically dif f ractive . 
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1 --7Q> An illuminator according to Claim 68^ wherein 

2 the diveAqinq and counter diverging elements are reflective 

3 and have conical surfaces . - - 



1 --73. \ An illuminator according to Claim 68, wherein 

\ 

2 the diverging element is a first refractive element arranged 

\ 

3 in the illumj^nation path of the illumination upstream of a 

\ 

4 pupil region gf said illuminator so that a conical surface 

\ 

5 of said first refractive element diverges the illumination 

6 into an annular\conf iguration of intensity, and said counter 

\ 

7 diverging element is a second refractive element arranged to 

\ 

8 receive diverged ±llumination from said first refractive 

\ 

9 element, said second refractive element having a conical 



Ad 



10 surface arrangeable\ for countering the illumination 

11 divergence caused bv^^stid first refractive element and 

12 fixing the radius y^gf/the divergence of said illumination, 



1 --74. An illuminator according to any of Claims 68 to 



2 73, wherein the distance between the diverging and counter 

\ 

3 diverging elements is variable to vary the radius of the 



4 annular intensity profile^ 

. - : 

\ 

2 73, wherein the distance between the diverging and counter 



3 diverging elements can be reduced enough to counter said 

4 divergence approximately at ^ts source to keep the intensity 

5 configuration from becoming annular. 

2\ 



• m 

1 -AVS* An illuminator according to any of Claims 68-73, 

2 whereim the diverging and counter diverging elements are 

3 arranged! on the optical axis of the illuminator upstream of 

4 a pupil region of said illixminator ^ - - 

1 --77 ^^^An illuminator according to Claim 76, wherein a 

2 mask is positioned at the pupil region within the annular 

3 intensity profile. 

1 --78. An illixminator according to any of Claims 68 to 

2 73, wherein the diverging and counter diverging elements are 

\ . ■ - 

3 separated by an arr gap . - - 

\ 

1 --79. An illumiaft^or according to Claim 69 or 73, 

2 wherein the concav^Cai^ convex conical surfaces have the 

1 --80. An illuminator according to Claim 69 or 73, 

2 wherein the conical surfaces are arranged to confront each 

3 other . - - \ 



1 --81. An illuminator ^according to Claim 69 or 73, 

2 wherein the conical surfaces can be moved into proximity for 

3 coxintering the divergence to\keep the intensity 

4 configuration from becoming annular. 
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1 -■B2> An illuminator according to Claim 69 or 73, 

2 wherein a mask of variable size is positioned downstream of 

3 said coni^cal surfaces within said annular intensity 



4 prof 



ile.-\ 



1 --83. \lin illuminator according to Claim 73, wherein 

2 the conical Surface of the first refractive element is 

3 concave, and the conical surface of the second refractive 

. n , • ^ 

4 element is convex . - - 



1 --84 ♦ An mliominator according to any of Claims 68-73 



2 or 83, wherein a Wvariable size mask is arranged within the 

3 illumination path\for blocking illumination within the 

4 annular configuration of intensity. 




1 --85. An iljruH^nator according to Claim 84, wherein 



2 said illumination divergence is substantially eliminated by 

3 moving said conic surfaces into proximity. -- 



1 --86. An illuminator according to any of Claims 68-73, 

2 wherein the illumination within said annular configuration 

3 of intensity is blocked by a mask.-- 



1 --87. An illuminatoini according to Claim 69 or 73, 

2 wherein the conic surfaces\of the refractive elements face 

3 ^ away from each other.-- 
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-■^8« An illuminator according to Claim 73, wherein 
the refractive elements are faceted,-- 

\ 

--89>\An illuminator according to Claim 79, wherein 

convex conical surfaces face away from each 




--90. 
wherein a va'riabr 



luminator according to Claim 68 or 69^ 
e mask is positioned within said 



illuminator to block illumination within said annular 
configuration. 
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